Very few studies have explored links between physical activity, sedentary behaviours and blood pressure (BP) in early adolescence. We aimed to assess the association between a range of sedentary activities (screen time, television (TV) viewing, computer usage, video game usage and time spent in homework or reading) and BP in schoolchildren. Eligible year-7 students (2353/3144, mean age 12.7 years) from a random cluster sample of 21 Sydney schools were examined during [2003][2004][2005]. Parents and children completed detailed questionnaires of activity. BP was measured using a standard protocol and high BP was defined using published guidelines. Height and weight were measured, and body mass index (BMI) calculated. After adjusting for age, sex, ethnicity, parental education, height, BMI and time spent in physical activity, each hour per day spent in screen time, watching TV and playing video games was associated with a significant increase in diastolic BP of 0.44 (P ¼ 0.0001), 0.99 (Po0.0001) and 0.64 mm Hg (P ¼ 0.04), respectively. In contrast, each hour per day spent reading was associated with a decrease of 0.91 (P ¼ 0.01) and 0.69 mm Hg (P ¼ 0.02) in systolic and diastolic BP, respectively. Our results indicate that addressing different types of sedentary activities could be a potentially important strategy to reduce the prevalence of elevated BP in children.
Introduction
Elevated blood pressure (BP) during childhood and adolescence is associated with increased cardiovascular risk in later life 1 and the development of early pathological lesions of atherosclerosis. 2, 3 Thus, the recognition and management of elevated BP at an early age may be an important strategy for limiting the overall disease burden caused by hypertension. 4, 5 Factors such as genetics, 6 diet 7 and physical activity 8 appear to contribute to elevated BP in children. In addition, population-based studies have consistently shown that overweight/obese children have higher levels of BP and a higher prevalence of hypertension than their non-overweight/obese counterparts. [9] [10] [11] Given that sedentary behaviours are positively associated with childhood adiposity, [12] [13] [14] it is reasonable to hypothesize that various sedentary activities may also be independently associated with BP in children.
Only a few studies have examined the effects of sedentary behaviour on BP in children and the findings from these studies differ. A recent US community-based study of 111 children aged 3-8 years reported a positive association between screen time (that is television (TV) viewing and computer use) with both systolic and diastolic BP, after adjusting for age, sex and percentage of body fat. 15 In a Belgian study of 1028 children aged 6-12 years, a borderline significant association was observed between TV viewing and systolic BP in boys but not girls. 16 In a Brazilian study of 4452 children aged 10-12 years, the authors reported a significant positive association between TV viewing and systolic and diastolic BP. 17 In a US study of 546 participants aged 4-17 years, children watching 2-4 h of TV had a 2.5 times higher odds of hypertension compared with children watching 0 to o2 h. 18 In contrast, a European study of 1921 participants aged 9-10 and 15-16 years demonstrated no significant associations between TV viewing and either systolic or diastolic BP. 19 For effective prevention of hypertension and resulting cardiovascular morbidity and mortality, it is important to fully clarify the influence of a range of sedentary activities on BP in children. 15 Ours may be the first, large community-based study of children to assess the association between such a wide range of indicators of sedentariness (that is TV viewing, computer usage, video game usage and time spent in homework and reading) and BP, after adjusting for several potential confounders.
Methods

Study population
The Sydney Childhood Eye Study (incorporating the Sydney Myopia Study) is a population-based survey of eye conditions in school children living within the Sydney Metropolitan Area, Australia. It was approved by the Human Research Ethics Committee, University of Sydney, the Department of Education and Training and the Catholic Education Office, New South Wales, Australia. 20 We obtained informed written consent from at least one parent of each child, as well as verbal assent from every child before the examinations. Study methods have been previously described for year-7 students from a stratified random cluster sample of 21 primary schools across Sydney (mean age 12.7 years, hereafter referred to as the 12-year-old sample). BP measurements BP was measured on the school premises according to a standard protocol. 20 After 5 min resting, BP was measured in a seated position using an automated sphygmomanometer (HEM 907; Omron Healthcare Inc, Bannockburn, IL, USA) with appropriate cuff size. We followed general recommendations on selecting cuff size to ensure that the bladder length was B80% and width was X40% of the arm circumference, covering the upper arm without obscuring the antecubital fossa. 21 Three separate BP measurements were taken, and averaged for analysis. Mean arterial BP (MABP) was calculated as one-third of the systolic plus two-thirds of the diastolic BP. The children were categorized as having high BP by computing specific systolic and diastolic BP percentiles, adjusted for height, age and sex, using the formulae in Appendix B of the 2004 US 'Fourth Report on the Diagnosis, Evaluation, and Treatment of High BP in Children and Adolescents'. 22, 23 Briefly, the most recent Centers for Disease Control growth charts were used to convert the height to a height Z-score relative to boys and girls of the same age. 23 Additionally, regression coefficients from BP regression models (provided in the fourth report) were used to compute the specific systolic and diastolic BP percentiles for boys and girls separately. 22 High BP was then defined as systolic and/or diastolic BP X95th percentile. 22 Assessment of sedentary behaviour Parents were asked to complete an extensive questionnaire including questions about periods during which children engaged in a variety of sedentary activities. The 12-year-old children themselves nominated times spent on the activities. Students self-reported the time they spent per day in a range of sedentary activities outside of school hours, separately for school days and weekend days. Sedentary activities included screen time (that is watching TV/videos/DVDs, playing video or computer games, using a computer and playing handheld computer games, for example Gameboy) and non-screen time activities (that is homework and reading books for pleasure). The response categories were not at all; o1 h; 1-2 h and X3 h. Daily total screen time was the sum of all screen activities. On a school day it is plausible that students have B8 h of leisure time and 16 h per day for weekend days. To this end, values that exceeded these times were considered outliers and excluded from the analysis.
Collection of other information
Parents were asked to provide comprehensive sociodemographic information on behalf of their children, including ethnicity, country of birth and parental education. We defined parental education as the highest level of education completed by either parent. This ranged from never having attended school to having completed a higher degree such as a Masters or PhD. The ethnicity of the child was determined only if both parents shared that ethnic origin. Ethnicity was classified on the basis of selfidentification by the parents, combined with information about the place of birth of the child. Ethnic categories were consistent with the Australian Standard Classification of Cultural and Ethnic groups (available at http://www.abs.gov.au, document number 1249.0). 24 Height was measured with children standing, without shoes to the nearest 0.1 cm. 25 
Weight in
Sedentary activities and blood pressure B Gopinath et al kilograms was measured to the nearest 0.1 kg using a standard portable weighing machine calibrated before and during the study. Body mass index (BMI) was calculated as weight divided by the height squared (kg m -2 ). Overweight and obesity categories were defined using the International Obesity Taskforce age-and sex-specific cut points. 26 Physical activity undertaken by the children was grouped into indoor sporting activities and outdoor sporting activities. Time spent in outdoor activities was based on questions about playing sports outdoors, for example, football, soccer, rugby and cricket. Time engaged in indoor activities included those done in a hall or gym, or in a classroom-sized room or smaller, for example gymnastics, dancing and basketball. Time spent in total physical activity was a composite of the time spent in outdoor and indoor activities.
Statistical analysis
Statistical analyses were performed using SAS (SAS v9.1, SAS Institute, Cary, NC, USA). We used mixed models and generalized estimating equations to adjust for cluster sampling effects. Multivariable logistic regression analysis was used to calculate adjusted odds ratios and 95% confidence intervals for associations with sedentary activities. Regression models were used to examine possible linear relationships between sedentary behaviour (that is screen time, TV viewing, computer usage, reading and homework) and BP levels. Multivariate modelling was conducted with BP as the outcome and sedentary behaviour as the independent variable in linear models adjusted for age, sex, ethnicity, parental qualifications, height, BMI and total time spent in physical activity. Analysis of covariance, adjusted for age, sex and BMI, was used to assess differences in mean systolic and diastolic BP measures stratified by quartiles of sedentary activities (first, second, third and fourth). Significance was taken as Po0.05.
Results
Of 3144 eligible 12-year-old children (year-7), 2367 were given parental permission to participate and 2354 underwent examinations (74.9%). Of these, 2353 participants had complete BP and sedentary behaviour data (74.8% of those eligible). Table 1 shows the characteristics of this sample of schoolchildren stratified by sex. Boys compared with girls were more likely to be older, have higher systolic BP, lower BMI and diastolic BP and spend more time using videogames and in recreational screen time, but less time doing their homework or reading (Table 1) . Table 2 shows that after adjusting for confounders each hour per day spent in screen time, watching TV and playing video games was positively associated with diastolic BP, standardized b ¼ 0.44 (P ¼ 0.0001), b ¼ 0.99 (Po0.0001) and b ¼ 0.64 (P ¼ 0.04), respectively. Similarly, a significant positive association between screen time, TV viewing and MABP was observed. Interestingly, time spent reading was negatively associated with systolic and diastolic BP and MABP. Similarly, time spent doing homework was inversely associated with systolic BP in 12-year olds. Figure 1a demonstrates that 12-year olds in the highest (fourth) quartile of TV viewing time had significantly higher systolic BP compared with those in the second tertile (P ¼ 0.002). Figure 1b shows that mean diastolic BP values were significantly different between the first and fourth quartile of screen time (P ¼ 0.01). Significant differences were also observed in mean diastolic BP values between the quartiles of TV viewing and computer usage (Figure 1b) . 
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Among 12-year-old children, 607 (26.8%) had high BP and 1661 (73.2%) were normotensive. There was a marginally significant association between TV viewing time (in hours per day) and high BP, odds ratio 1.15 (95% confidence interval, 1.00-1.32), after adjusting for age, sex, ethnicity, parental qualifications, height, BMI and total time spent in physical activity. For each hour per day spent doing homework, 12-year-old children had a 19% reduced odds of having high BP, multivariable-adjusted odds ratios 0.81 (95% confidence interval, 0.68-0.96). Significant associations between other sedentary activities and high BP were not observed.
We also stratified our analyses of 12-year-old children by BMI status. We demonstrated strong positive associations in non-overweight/obese children between screen time (b ¼ 0.61, Po0.0001), TV viewing time (b ¼ 1.05, P ¼ 0.0002) and computer 
Discussion
To our best knowledge, this is the largest community-based study to assess the association between a wide range of sedentary behaviours and BP in schoolchildren, independent of BMI and other confounders. In 12-year-old children, screen time, TV viewing and playing video games were positively associated with diastolic BP. On the other hand, time spent reading was negatively associated with systolic and diastolic BP, and MABP. Additionally, each hour per day spent doing homework was associated with a 19% reduced odds of having high BP during early adolescence.
Martinez-Gomez et al. 15 recommended that time spent in TV viewing, computer use and total screen time should be considered independently. This is particularly important given that published studies show computer use and video game play could have differing metabolic and physiologic effects. 27 Therefore, in the current study, we separately assessed the link between a range of indicators of sedentariness and BP in schoolchildren. In our sample of schoolchildren, screen time, and specifically TV viewing, was associated with diastolic BP and MABP independent of potential confounders. These findings are in agreement with previous studies conducted among children and adolescents. 15, 17, 18 Several mechanistic links between TV viewing and elevated BP in children have been hypothesized. Increased micronutrient and energy intake is one proposed mediator. 18 Previously, it was reported that around 35% of children's daily total energy consumption is consumed in front of the TV. 28 Further, foods frequently advertised on TV are more commonly consumed than foods not frequently advertised, and these advertised foods are usually high in fat, sugars and salt. 29 Intake of high fat and high salt foods may contribute to the link between TV viewing and high BP in children. Another potential mechanism is via increased psychological stress associated with TV viewing (for example of violent programmes) among children. 30 Given that there are links between stress and unhealthy diets in children, 31 the stress associated with TV viewing 30 may potentially lead to weight gain and sympathetic nervous system activation, both of which could mediate the relationship between TV viewing and elevated BP in children. 18 However, we did not assess the influence of dietary intake or indicators of psychological stress, and thus, cannot confirm the above hypotheses.
It is not clear as to why we observed significant associations between certain sedentary behaviours and diastolic BP, but not with systolic BP. The physiological differences between systolic and diastolic BP are likely to be the underlying mechanisms for the difference in associations with sedentary behaviours. For example, systolic BP is affected by changes in peripheral vascular resistance to a much lesser extent than diastolic BP, which was shown to be consistent with the lack of association between metabolic factors influencing vascular reactivity and changes to systolic BP. 32 Time spent reading and doing homework among 12-year-olds was associated with lower BP values. This finding is both novel and interesting. The exact underlying mechanism is unknown, but we hypothesize that reading and homework could be a surrogate indicator for other lifestyle factors such as better nutrition, higher physical activity levels and differences in parenting and overall good health, which may contribute positively to a child's learning and academic performance. 33 A recent US study of 1478 schoolchildren (mean age 11.7 years) demonstrated a significant positive relationship between fitness and English academic achievement, after controlling for sex, weight status, grade, ethnicity and socio-economic status. 33 Increased physical activity is also inversely associated with BP in children. 19 Therefore, in the context of our results, the link between reading/learning and reduced BP in these schoolchildren could be mediated via increased physical activity/fitness and/or other protective lifestyle factors. Clearly, more research is required to understand the complex relationships between reading, homework and BP in children.
Stratifying our analyses by weight status demonstrated strong positive associations between screen time, TV viewing, computer usage and BP among non-overweight/obese 12-year-old children. These associations were not present in overweight/obese children. This indicates that other lifestyle factors (for example diet and exercise) associated with excess adiposity may mask the relationship between sedentary activities and BP. However, in overweight children, reading appeared to attenuate the effects of BMI on BP measures.
Strengths of this study include its random cluster sample of a large number of representative preadolescent school children from the Sydney metropolitan region, the satisfactory response rate and the use of standardized BP measurement protocols. Moreover, these young, healthy children are largely free of known systemic cardiovascular diseases, and thus, these findings are not likely to be subject to confounding effects. A limitation of this study is that we did not include accelerometers as an objective measures of time spent in sedentary activities; however, such instruments do not provide contextual information, which can only be determined by self-report. Self-reported questionnaires, however, have been used in most studies to date on this topic and have shown to be relatively accurate in estimating time spent by the child in different sedentary activities. 17, 18 Second, we did not adjust for puberty in the analyses as we did not accurately collect data on pubertal development. There is a strong possibility that children in the 12-year-old sample could be at varying stages of puberty; hence, these differences could be a potential source of confounding. Third, the study design is crosssectional, which does not permit causal inference from the observed associations. Nevertheless, our findings are consistent with that from a previous community-based sample of younger children. 15 A 5-year follow-up of this study is currently underway, which will provide longitudinal evidence on this association.
In conclusion, this large community-based study showed a significant and independent association between hours of screen time, particularly TV viewing and BP independent of BMI and other confounders during early adolescence. Interestingly, time spent reading and doing homework was negatively associated with BP measures in 12-year olds. These study findings add to the evidence base that certain indicators of sedentariness, particularly screen time and TV viewing, could be potential targets for addressing hypertension in children. These data are potentially important given that childhood BP is one of the strongest predictors of adult BP, 34 and that elevated BP present in childhood is an important risk factor for future cardiovascular morbidity and mortality. 1, 18, 35 Therefore, these relatively cost-effective strategies of targeting screen time may lead to significant reductions in BP in children and adolescents, and potentially prevent hypertension-related complications, as these children progress into adulthood. Further large prospective studies in children and adolescents are also required in the future to confirm these findings.
